With the launch of the German Aerospace Agency's (DLR) Modular Opto-electronic Scanner (MOS) sensor on board the Indian Remote Sensing satellite (IRS-P3) launched by the Indian Space Research Organization (ISRO) in March 1996, 13 channel multi-spectral data in the range of 408 to 1010 nm at high radiometric resolution, precision, and with narrow spectral bands have been available for a variety of land, atmospheric and oceanic studies. We found that these data are best for validation of radiative transfer model and the corresponding code developed by one of the authors at Space Applications Centre, and called ATMRAD (abbreviated for ATMospheric RADiation). Once this model/code is validated, it can be used for retrieving information on tropospheric aerosols over ocean or land. This paper deals with two clear objectives, viz.,
(1) Validation of ATMRAD model/code using MOS data and synchronously measured atmospheric data, and if found performing well, then to (2) derive relationship between MOS radiances and Aerosol Optical Thickness (AOT). The data validation procedure essentially involves • near-synchronous measurements of columnar aerosol optical thickness and altitude profiles of aerosol concentration using ground-based multi-filter solar radiometers and Argon-ion Lidar, respectively and • computation of the top-of-the-atmosphere (TOA) radiances from a low reflecting target (near clear water reservoir in the present study) using the ATMRAD model. The results show that the model performance is satisfactory and a relationship between the spectral parameters of MOS radiances and aerosol optical thickness can be established. In this communication, we present the details of the experiments conducted, database, validation of the ATMRAD model and development of the relationship between AOT and MOS radiance.
Introduction
Currently, satellite-based remote sensing instruments provide our best hope of obtaining the spatial and temporal coverage required for global change studies, particularly monitoring of atmospheric aerosols. Remote sensing of aerosols from satellites over the land and ocean is essential to obtain the global aerosol budget to estimate the contributions of anthropogenic emissions to the aerosol budget and to the aerosol radiative forcing of climate (Charlson et al 1992; Andrae 1995) . The available measurements are, in fact, insufficient to satisfy the increasing needs by the scientific community, of estimations of atmospheric aerosol content and type on global basis. Surface-based Thus, MOS-A sensor system with four narrow spectral channels in 760 nm O 2 -absorption band has been designed primarily for retrieving stratospheric aerosol optical thickness (AOT); while MOS-B with 13 narrow channels in the 408 to 1010 nm range is designed for retrieval of tropospheric AOT and ocean color mapping. The specifications of MOS sensors are given in table 1. These data have swath of about 200 km. The spatial resolutions are about 1.5 km for MOS-A and 0.52 to 0.60 km in case of MOS-B and MOS-C data, respectively. The most important specification to be noted is the high precision of the measurements as reflected by the high signal-to-noise ratio achieved at even L min, which is > 330 and > 100 in case of MOS-A and MOS-B data, and 16 bit radiometric quantization. With this type of highly precise data, the other applications of the data which can be taken up over land include vegetation mapping, growth assessment, and vegetation water stress detection specifically using MOS-C data. The availability of multi-spectral data in the wavelength region from 408 nm to 1010 nm with 10 nm FWHM of MOS-B sensor over land offers the above potential applications. Also, the MOS-A and MOS-B data together have the potential for partitioning of total aerosol optical thickness into tropospheric and stratospheric components. For any of the above applications a pre-validated radiative transfer model is necessary. This forms one of the two objectives of this study, viz.,
(1) Validation of ATMRAD model/code using MOS-B radiances and synchronously measured atmospheric data, and if the model is found performing well then to (2) derive relationship between spectral parameters, MOS radiances and AOT.
The satellite-observed MOS-B radiances over a fairly clear water reservoir are used in conjunction with the measured atmospheric aerosol parameters and ATMRAD model. The model details are published in Potdar (1987 Potdar ( , 1990 . Both the Lidar and sun photometric measurements are used to retrieve the aerosol number density altitude profile and spectral variation of AOT, respectively. The spectral AOT data are used to retrieve aerosol size distribution, which are used in the ATMRAD model to compute TOA outgoing radiance in the spectral channels of MOS-B for the sun-targetsensor geometry. The computed and MOS-B radiances are compared for validation of the model, and later to evaluate, in turn, aerosol properties over land surface from MOS radiances. Some of the early results obtained in this direction have been
